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Introduction

The experimental studies on neutron thermalization were initiated
in Rurchatov JAE in the period when physical grounds of the projects of
uranium-water reactors were being investigated. The physics of these
reactors is kmown to be determined essentially by the space-energy
"distribution of thermal and epithermal neutrons (1). Meanwhile the cal-
culation of the neutron spectra in heterogeneous uranium-water system
was a diffieult problem in this early time. Not only the effective me-
thods of calculation were still to be developed. One had also to obtain
the initial data on the neutron cross-sections to be input into calcu-
lations, This problem was especially difficult from the theoretical and
experimental points of view for the double differential scattering cross-
gection of slow neutrons on the water. In this connection the initial
experiments on the neutron thermalization consisted of the measurements
of the neutron space~energy distributions in the uranium-water systems.
Later such measurements were also carried out in the heterogeneous syste-
ms containing uranium with other moderators of interest for power
reuactors.

The results of these investigations made possible the determination
of principal rules of space-energy distributions of neutrons in the
heterogeneous systems and allowed to clear up the effects of chemical
binding of moderator atoms on this distribution and the way in which
the absorption acts upon it. The results were found to be useful for the
estimation of the accuracy of approximate methods applied to the solu-
tion of the kinetic equation for the heterogenous systems and for the
verification of various models describing the energy exchange between
the neutron and moderator in the chamical binding energy range.

The research program on the neutron thermalization was expanded
essentially in the direction of a more profound investigation of the laws
obtained. Another object was clearing out the role of the absorption and
the chemical binding in the formation of spectra in various systems.Row
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i PR AL RPRE S S S i Soond oy madln directions:

L0 swudy of dovhle difCereni ol orusg-sec Gions fov moder ators in
the themal region ¢f neutlon enargy;

2) stud, of the speetrs of thermal and epithermal neutrons in
variouns rurtiolying and wocecoting mediug

2} shody of the srocess of time Lrermal neutron spectrum setting upi

The results of these sbudies obtoined in the last years are sum-—
marized in this report, and experimental technique is also briefly

outlined,

I. Mosnsurements of Double Differentisl .
Scattering Cross-Sections

Double differential scattering cross-sections O'( E,E', 6/ were
meaguced for water (H2O) al 7= 23°C and 90°C and monoisgopropyldiphenyl
(Cyglipg) at 1 = 20°C.

The experiments on the double Aj:rerential cross-sections studies
were carried oub on the hoiizontnl “ihermal nenbron bezm of hthe "WWR-M™-
reactor: of the Instifute of Thyote= 7 the Acadepy of Scinnces of iz
Ukrainian 5S8R,

1. Measurement Yechnique

Pulsed Tlux ol “menochxmwal o® ueutrons of energy E bombarding the

moderator sample was scpoaresad LJrom the thermal neubtron bean by the

weohanieal monechromater with rurabolic splits {(Fig.l). The resolution

o Tar wonochircmator 470 pel depend on its revolution velocity and was
. 7ol ' 1 .

Al ho (./,‘;_; iy, 0.1 The energy ¥~ of neutrons scattered from the

sample by sugle © was measured by time-of-flight method with resolu-
tion IO ¢+ &0 M sec/m. The scsailered neutrons were recorded by the
agsanbly of BFES counters, locsted at a flight—distance L = 2.74 m,
flffective dimansions of the detector were 30 x 80 x 10 cm. The measure-
ments ¢ the paremeters examined were possible in follow .ng ranges of
varisbl est
@nergy B from 5,107 to 0.5 ev
energy = from 5,107 0 1.0 ev
angle ® from I5° to I20°
The samples used in these neasurements scattered -~ 20% of the total —_
aumber of incident neutrons. '
No corrections accounting the effects of resolution snd multiple
scattering were introduced into the double differentisl cross—sections

because insu"ficient accuracy and uncompletenessa of spperimental daka did S

zob proves o Bs worth this lsborlous worlk.
-2 -
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2.Rgsults \

The variation of the double-differential cross-section 0’( £,E, 9)
is il1lustrated in Fig.2.

Being alike in general, double differential scattering cross-sec—
tions of water and monoisopropyldiphenyl differ in some details,reflec-
ting the differences in the motion dynamics of hydrogen atoms and mole-
culed in these fluids, The value of quasielastic scattering peak in
comparison with water is higher for monoisopropyldiphenyl, the width
b¥ing consequently smaller almost for all scattering angles and incident
neutron energies. These data indicate both a more hard binding of hydro-
gen in monoisopropyldiphenyl and a less diffusion coefficient of mono-—
isopropyldiprhenyl molecules in the fluid. The conclusion about diffusion
coefficient is very natural begause the molecule CISHI6 has essentially
larger mass than the water molecule,

In the inelastic scattering region cross-section values for these
two liquids are very close. The energy region E — El-\- 60 Mev is an
exception, the difference, connected with excitation of braked rotations
of the water molecules being very distinct in this region,

From the measured values of ( (£, EI, 9/ the mean energy vari-
ation in scattering E(Fig.ja) and mean cosine of the scattering andle
M (Fig.3) were calculated. It is cbvious that thermalization proper—
ties of CI5HIG are worse than those of the water, but the angular neut-

ron distribution in scattering is more isotropice.

The results obtained for the water sample heated up to 90°C indi-
cate that the quasielastic scattering peak amplitude decreases and
widens with temperature increasing, It may be due to the ircreasing of
the diffusion coefficient and loosening of intermolecular bonds,

The probability of neutron scattering when neutrons gain energy
increases with temperature risinge.

Al]l the information on the measurement results obtained for the
water and monoisopropyldiphenyl is presented in Tables I and II in the
form of the scattering law S(d,[f') which reflects the effects of bonds
and structure of the moderator itself on the scattering cross-sections
(2). Experimental data are also presented in the form of generalized
fregyency spectra P/ﬁ) (Fig.4) according to Egelstaff and Scofield
(3.4).

The generalized frequency spectrum containg wvery valuable informa-
tion about atomic motion in the molecule and molecular motion in the
fluid. Unfortunately, insufficient resolution and restricted accuracy
did not allow to find out the detailed structure of these spectra.
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However, even rather schematical outline of the generalized spectrun

\ obtained for CISHIS shows its marked difference from the spectrum in

' the water. In the water at the room temperature the shape of the gene—
_ ‘ ralized spectrum is determined mainly by the interaction of the neutrons
. with the braked rotation of the water molecules. The level of the braked
' rotation is rather broad and is located at energy 65 MeV (2.5 £ ). This
level shifts towards lower energies with increasing of water temperatu-~
res in qualitative agreement with the result given in papers [5) and
[ 6] . Physical grounds of this phenomenon are not investigated yet. One
of possible and natural reasons of this shift may be the loosening of
intermolecular bonds with increasing of water temperature., The level
ce shift may also be the consequence of more complicated structure of this
level, including not only the braked rotation but other types of motion
as well (5).

There is no broad level typical for the water at /= 2.5 An the
generalized frequency spectrum of CIBHI6 88 can be seen in Fig.4. The
mean energy of this spectrum is less than that of the water spectrum.

The obtained generalized frequency spectrum /"//5) makes & possib-
le to calculate ()d( E, E( y © ) for any values of variables. These
’ calculations are carried out in paper (7) for the water at the room

temperature. P ( /5) curve shown in Fig. 4a. was used in these calcula—
tions with three deltafunctions sdded Teflect the well-—known intriqsic
molucular vibrations in the water., The results of the double differen—
tial cross-section calculations as well as average scattering characte—
ristics (’\—4 (E')! E} t‘f{ ; ) égree with the results of the present

\ paper.,

II, Stationary Neutron Spectra Measurements
in Moderating and Multiplying Media

I. Measurcment Techaique

The measurement technique used for the measurements of neutron
spectra was described in detail in papers f 8,9J « It uses the beams of
! neutrons taken from the system under examination. The spectra of these
B beams are measured by the time-of-flight method with a mechanical
chopper. The neutron spectra were investigated in the water with boron
and in subcritical heterogeneous systems with natural uranium slugs. In
these systems the external beams parallel to the slug axis were used.
— The required neutron density in the investigated systems was formed
as & result of the irradiation with the broad beam of thermal of fast
e (converted from thermal) neutrons of "VVR-2"-reactor.
, - -
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The measured spectra presented vector flux neutron spectra in the
direction of the external beam. These measurements are in general
insufficient for obtaining the scalar flux spectrum of practical value.
However, the data on the spectra of vector flux neutrons obtained for
one direction in the homogeneous medium permit to calculate easily the
scalar flux spectrum in the diffusion approximation.

2., Results of Measurements

a) Neutron spectra in pure water and in water poisoned by boron.

The neutron spectra shown in Fig.5 were measured in pure water and
in the water poisoned by boron (tank with dimensions 60 x 60 x 50 cm )
at a distance I0.4 cm from the source of fast neutrons.

The spectrum hardens with increasing of boron concentration: the
maximum of thermal neutron distribution shifts towards the higher
energies and its value decreases as compared to the flux of slow neut®
TONLS.

The calculations of neutron spectra in the boron poisoned water
for the concentrations used in our experiment were carried out by G.I.
Marchuk et al [IOJ with the chemical binding of hydrogen in the water
taken into account and by I.I.Laletin on the gas model with mass equsl
to unity. The calculation connected with more realistic conditions of
energy exchange between the neutron and moderator obviously results
in better agreement with experiment.

A number of experimental works on the investigation of neutron
spectra in pure water and in water poisoned by various absorbers have
been carried out up to date [II, 12, 12, I4, IS5, I6J . The experimental
conditions were different in this work as to the temperatures and
concentrations. Because of it one of the possiblé ways for comparison
of results of various works is to compare the dependence of the relative
increase of neutron gas temperature on the absorber concentration (Fig.6,
In this figure the well known dependence is shown

Tn _ Tc = A_téz——
Tn 6 >
with coefficients A = 1.84 according to gaseous modsrator model [ 17]
and A = 2.92 according to ]:IOJ » Though the experimental points show
considerable spread, but A value given in LICﬂ seems to be in better
agreement with the experiment.
b) Neutron spectra in uranium-water lattice

(2)

The subcritical heterogeneous uranium-water systems were examined
with triangle lattices with lattice spacing 5.0 cm, 5.5 ¢m and 6.0 cm
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and subcritical uranimm-monoisopropyldiphenyl heterogeneous system with
the lattice spacing 5.5 cm. The natural uranium slugs 3.5 cm in diameter
were used. ‘

The experimental results have been published earlier [‘8, 18:1 sand
now we present only the main conclusions. The thermal neutron spectrum
both in the lattice fuel cell and in the moderator, differs appreciably
from equilibrium Maxwellian distribution., The neutron spectrum in the
moderator may be approximately presented by the Maxwell form, but with
"temperature” being essentially higher the temperature of the medium.
The main condition determining the thermal neutron spectrum in the slug
is the absorption of neutrons escaping from the water.

Neutron spectrum varits 8lightly with the spatial coordinate both
in the fuel and moderator, the boundary between them being the only
exception, where the spectrum changes sharply.

The spectrum of neutrons slowing down in the uranium slug bears
the clear resonance structure determined by neutron absorption at the
levels of 025 8 and 0235 + In Fig. 7 the neutron spectrum in uranium
measured with the resolution 1.2 #sec/m in the lattice with spacing
5.5 ¢m in the energy region above 0,2 V. The real shape of the spectrum
above 20 eV is altered essentially by insufficient resolution of the
selector. The spectrum in this region may be in principal reformed by
the method proposed by A.N.Tikhonov (I9).

It should be noted that it is possible to obtain the value of
neutron resonance apsorption in the slug, calculating the area between
spectral curves in uranium and moderator. This value may be obtained
in principal for any energy interval.

The spectrum of the neutrons slowing down in the water, measured
with the same resolution is close to the 1/E (Fig.8).

The results of thermal neutron spectra measurements in the lattice
GIBHI6 with spacing 5.5 cm show the main laws of neutron space-energy
distribution in the uranium-monoisoprpyldiphenyl lattice are the same
as in uranium-watei lattices. Thermalization properties of monoisopro-
pyldiphenyl slightly differ from the water. The ranium-monoisopropyl-
diphenyl lattice is equivalent to the water lattice with a less spacing.
The study of temperature dependence of the neutron spectra in the uranium
monoisopropyldiphanyl lattice allows to make conclusions that the
slowing properties of the monoisopropyldiphenyl slightly changes with
temperature,

The changes of the neutron spectrum in the water with uranium -
concentration for the investigated uranium-water lattices are qualitively

illustrated in Fig.9. -
-6 =

367

L d N

Bl Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110015-3



~,

‘ ApproveFor : vl ‘, .‘ 4R001001005'3 ]

47

The neutron spectra in uranium-water lattices were calculated by
a number of authors on the basis of various model assumptions about
the nature of energy exchange between the neutron and the water molecule
L.Sobrino and Clark (20) carried out the calculation of the meutron
space—-energy distribution using Wilkins—equation with f/;/-leakage
thaken into account.

Their remsults are in good agreemnt with the resulits we obtained
for the uranium-water lattice with the spacing 5.0 cm. H.Honek and
H,Takahashi [21] have calculated the spectra of vector flux neutrons
in various lattices. The calculations do not well agree with the results
f22] and with our measurements for lattices with spacings 5 cm and 6 cm.

Recently G.I.Marchuck, V.V.Smelov and G.A.Ilyasova [23] carried
out the calculation of the vector flux neutron spectra in uranium~
graphite lattice with spacing 5,5 cm. The neutron-spactra were computed
in PB—approximation by using the scattering function proposed by Van
Hove, The dispersion of autocorrelation function was found by the
application of interpolation formulae propcsed by V.F,Turchin. The
agreement between the theory and experiment is good for the spectrum
in the water on the boundary of the cell }IB} . It should be noted that
the calculated neutron spectra in water on the cell boundary practically
do not show any angular anisotropy. The spectra of vector flux neutrons,
computed for the directions parallel and perpendicular to the slug axis
differ considerably (Fig.IO). Experimental points lay between the
spectrum calculated for the parallel direction and the spectrum of
scalar flux closexr to the latter.

Campbell et al (22) investigated the neutron spectra in the ecter-
nal besms from the uranium slugs and from the water in the directions
parallel and perpendicular to the slug axis. It should be noted, that
the results of calculations (23) predict an essentially less value of
the spectrum anisotropy in the slug eand practically no anisotropy in
the moderator for the lattices examined.

¢) Uranium~Graphite Lattice

The neutron spectra were examined in the cell of the suberitical
uranium-graphite lattice of the Calder Hall type at varioue graphite
temperatures (lattice spacing 20 cm, diameter of natural uranium
blocks 3.5 cm). The dimensions of the subcritical assembly were
120xI20x120 cm3 o The uranium slugs covered by aluminium were placed in
the special channels and isolated from graphite by the air gap. The
vhlume concentrations of uranium, graphite, aluminium and air were -

367 -7 -
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equal to 0,096; 0.834; 0,021; 0.049 respectively.

Nuclear power and electric heaters placed at side surfaces of
the assembly provided heating of the assembly. The difference between
graphite temperature in different points of the assembly did not exceed
20°C and for the region of the measured cell IO°C.

Most of the measurements of peutron spectra were carried out at
graphite temperatures of 523°K and 6I3°K with neutron energy resolution
of 20 Msec/m. The results of neutron spectrum measurements at the
slug centre and in graphite at the boundary of the cell and at graphite
temperature 6I3°K are presented in Figs I2, II. The calculated results
from reference [:23) are also shown in the figures. The satisfactory
agreement between the calculated and measured spectra for graphite is
to be noted. The calculations show negligible anisotropy of neutron
spectra at the cell boundary. The corresponding vector flux spectra in
the other directions coinside witk the curves shown in the figures,

There is a considerable spectrum anisotropy in the slug (Fig.I2).

The neutron spectrum calculated in the direction parallel to the
uranjum slug axis coincide with the measured spectrum. The "neutron
temperature" dependence throughout the cell is shown in Fig.I3. The
presented "temperatures" were calculated from average velocity, average
inverse velocity and the most probable velocity Um in the distribution

Vi n (U) by using the formulae providing th relation between these
values and the temperature for the Maxwell distribution. The difference
in "temperature" absolute values is due to non-Maxwell shape of the
neutron spectrum in the region of averaging (from 0.44 ev down to
0.0086 ev). Neutron spectrum in the moderator changes with the coordi-
nate very little as well as in the case of the uranium-water lattice.
For uranium the neutron spectrum was measured at +the centre of the slug
only, but it seemed to be likely that there was only a little change
of this spectrum along the radium of the slug in case of the uranium—
water lattice.Coats and Gayther (24) have also measured the neutron
spectra in the uranium-water lattice. The lattice spacing used in their
experiment was the same as that in our case, The diameter of the slug
(2.95 cm) and the air gap around the slug were somewhat different,
These authors presented the results of neutron spectrum measurements
carried out at various graphite temperatures only in graphite in the
niddle between the slugs only.

367
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ITI. Experimental Investigation on Process
of Setting up of Equilibrium Neutron
Energy Spectra

The effect of chemical bond is known to effect on the form of the
stationary thermal neutron spectrum only in the case of presence of a
rather intensive absorption. Nevertheless "pdisoning" of the system by
introducing the absorber is complicated in many cases and connected
with a considerable lack of intensity of the measured neutron flux.
Investigation of the time setting up of equilibrium spectrum in pure
moderator makes possible to obtain the information about the role of
chemical bond in the thermalization process. Such information is as so
complete as that from stationary spectrum measurements. But the neces-
sity of poisoning the system vanighes in this case, It should be noted
also that these investigations give directly the wvalues of some impor-
tant parameters characterizing the process of time setting up of energy
equilibrium spectrum. The time interval necessary for setting up of
neutron energy equilibrium with the medium is just one of such parame-
ters. The work by Bernard et al (25) is up to now the only reported
one devoted to studying of the transitional neutron spectra.

1. Measurement Procedure

Scheme of ecperimental arrangement is presented at Fig.I#. The
electron beam of the linear accelerator [ 26 was deflected with the
help of a special magnetic system with a cross fiel?l and struck the
lead target inside the investigated moderator producing short (1 s sec
durétion) bursts of fast neutrons with frequency I00 Hz. The neutron
beam was extracted from the moderator, the spectrum measurments being
carried out at different time intervals after fast neutron bursts by
time-flight technigue with the help of a mechanical chopper s¥nchronized
to the accelerator operation. There were two divergent slits in the
chapper which provided the constancy of the transmission function
within all range of neutron energies investigated at the minimum neutron
pulse duration of 5 Msec. The detector consisting of 95 proportional
BF3-counters was placed at 4 meters from the shopper. The peculiarity
of transitional spectrum measurements consisted in some additionsal
distrosion of the spectrum due to neutron motion from the bottom of the
cavity in the moderator into the mechanical chopper. This spectrum
transformation had heen also accounted for in the experimental data

treatment.
367 -9 =
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2. Results of Measurements

Transitional spectra were investigated in graphite and beryllium
prisms with dimensions of 60 cm x 60 cm x 45 cm at time interval.s from
80 psec to I500 psec and from 50 4sec to 800 s sec for graphite
and beryllium respectively. The neutron beam was taken from the centre
of the prism through the cavity I0 cm x IO cum. So the neutron spectrum
measurements in different points of the beryllium prizm showed that
gradient effect of the neutron flux was small and lay in within the
limits of statistical errors of measuremeunts.

The results of measurements of the transitional spectra in
graphite and beryllium are given in Figs I5 and I6.

Consider some peculiarities of neutron spectra behaviour in the
regions of small and large time of moderation. In small moderation time
region when the neutron energy is still high the nuclei of moderator
can be considered as freeones., Then one can calculated the nautron
spectrum L 27, 28] . The dependence of average neutron energy on the
time of moderation E = £(t) tfor beryllium and graphite calculated from
the experimental spectra and from the results of reference (28) is
presented on Fig.I7.

It can be easily noticed that ecperimental values of E lie
considerably higher than calculated ones within the whole irnvestigated
range, This result testifies to crystal atomic bond in graphite and
beryliium being manifesting at sufficiently high energies of neutrons
( ~ 0.2 eV), It should be pointed out thatv at small moderation time
close to the time of duration of chopper neutron pulse a large uncer-
tainty in moderation time wvalue arises. This circumstance leads to
overestimation of E.

When the time of moderation becomes considerable large the
equilibrium velocity distribution of neutrons is to be achieved. From
Fig.I5 and I6 one can see that in the region of small energies there
is a deviation of experimental points from the Maxwell distribution.
This deviation dscreases as the t rises. For grsphite, starting from
t 2= 640 Jsec and for beryllium with t = 200 s sec, the main part
of the spectrum can be expressed by Maxwell distribution with
kT = 25,5 MeV.

The average energy E slowly decreases at large time of moderation
and aims at some asymptotic value., The investigated time range seens
to be insufficient for the determination of average energy E of

267 - I0 -
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equilibrium spectrum which should be set up in the system., At ~ 700 Maec

in the case of beryllium and at ~ I400 /M8ec for the graphite the

acerage energy of the spectrum does not yet reach the value Ep = g kT
oo

which corresponds to the medium of the infinite sizes.

It is known that in the medium of finite size the value must
be less thang kT because of the diffusion cooling, So more time is
required for the setting up of the equilibrium energy distribution than
that studied in our case, The rate of setting up of the thermal
neutron equilibrium spectrum is described usually by the thermalization
time According to elementary theory of thermalization average spectrum
energy E approaches with time to the equilibrium value of the
exponential law | 29) :

E(8) -~E ~ exp (-~ £—) (3)

p
(7%

However, it is difficult to represent the obtained experimental
dependence E = £ (t) by such a simple relation, Therefore the process
of setting up of the equilibrium neutron spectrum can bot be described
in terms of the only parameter sucn as a thermalization time ’(;
The thermalization in different moderators can be described qualitative-
1y by the time interval necessary for the setting up of the complete
ewuilibrium, Our results of the experiments conducted show that’ this
time corresponds to nearly 2000 Msec for graphite and nearly I000 sec
for beryllium. It is interesting to note that the calculations based
on the model of monoatomic heavy gas (30) give for the fiven times the
values 230 Msec for graphite and I40 Msec for beryllium, These results
testify to the strong effect of chemical bonds of moderator atoms on
the rate of setting up of thermal equilibrium of neutrons with a medium,.

Conclusion

The conducted experiments do not exhaust the planned program of
the investigations. This program includes a detailed studying of a more
number of moderators ard multiplication systems in a wide range of
temperature and neutron energies.,

The investigations of neutron thermalization is continuing now.,
The construction of a new multidetector installation for measurements
of double differential cross sections with high accuracy and resolution
is being completed. The investigation of neutron thermalization in
media at high temperature gradients is being carried out on. The problem

367
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of spectrum anisotropy in heterogeneous media is expected to be studied
in detail as well as the question of setting up of the equilibrium
neutron spectrum in hydrogenous moderators, etc.

XX X

The sutdies of neutron thermalization at IAE were initiated by

I.V.Kurchatov. Later these investigations were developed due to support
and constant interest shown by Academician A.P.Aleksandrov,
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Pig.1. Schese of experimental i llation for doubls difa

ferentinl oross-section memsur: \ ]

1 « shielding of tha VVR=M resctor 2 -Experimintal hole nf the reaotor
) - Stationary shieldinz of the installation 4 = Wobile proteotion

of ecattered beam detector 5. Scattered beam deteotor (B8P, ~ counter
assembly) 6, Jtruight beam monitor 7, feam trap 8, Scatterer

9. Chamber of scatterar 10. Mechanics) monochromtor 4 , Chamber of
monochromator 12, koblle protestion of monochromator and scatterer

T mev

Plg.la. Tbe dependence of average energy wariation with
ecattering on the energy of incident nwtrons.

1-10 1= 23%y 2 - 03 ™90%Cs OygHyg, T w 27",

0 7 360 Emey

Pig.Jb. The dependence of mverage cosine F of neutron
scattering angle om the incident neutros energy X.
1=~ (B) for resting nuclel with M=I;

2 - (B) for the gas with Neff = £(1) ()3
3~ (B) emlculmted in ref.(7);
4 - (B) calculated using Selkin Model (32)3

Pﬂnu(') ancw experimental valuse eff.v (#) for H)0 at
temperature 296K,

lqunrn(' )cornnmd to experimntal valuer of/&'(l)
for (:“M" st temperature 2%°K,
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200 EMQ‘
Fig:2 The ratio of double differsntial croas-section

to froe atox scattering oross section

for HyO and Cystiyg- B = 100 Mev,

£ - H,0(223°C), Re1B%. & -C)H, ((117°C), RelES.
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f“

o ) 15 ] A
Pig.d. ) Spectra Plp) for 1,0 at M23%

1 - result given in the paper

2 - memsuresents by Egelataff, Haywood und !onon(.f)
and Kottvits and Leonard (33)y

3 « meawuresente by larsson end Dallborg (6)

§) Spectrum P(p) for H;0 at Te%0°c
8) spectrum p(p) for Cygltig at ~17%
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